Introduction

Obesity as a public health problem
In consumer society, obesity has become a serious epidemic for public health in the 21 st century. There are multiple risk factors influencing this, such as a sedentary lifestyle and poor diet, which cause an energy imbal-ance. Adding to this, a new obesity risk factor has been detected -the misuse of food advertising [1] .
Childhood obesity is also one of the most serious public health challenges. In 2012, more than 40 million children under the age of 5 were overweight or obese. Once considered a high-income country problem, overweight and obesity are now on the rise in low and middle income countries as well, particularly in urban settings. In developing countries with emerging economies (classified by the World Bank as lower and middle income countries) the prevalence of childhood overweight and obesity in preschool children is in excess of 30%. More than 30 million overweight children are living in developing countries and 10 million in developed countries [2, 3] .
In 2012, according to the Centers for Disease Control and Prevention (CDC), 8 .1% of infants and toddlers had high weight for recumbent length, and 16.9% of 2 to 19 year olds and 34.9% of adults (age adjusted) aged 20 years or older were obese [4] . Changes in obesity prevalence from the 1960s show a rapid increase in the 1980s and 1990s, when obesity prevalence among children and teens tripled, from nearly 5% to approximately 15% [5] . Data for the Spanish population show an alarming prevalence of obesity in children of ages 2 to 5 (11.1%), ages 6 to 9 (15.9%) and ages 10 to 13 (16.6%) [6] .
Advertising exposure in childhood
Marketing food to children has been the subject of widespread discussion in the European Consumers' Organization, and an association has been found between watching TV and childhood obesity [7] . In 2005, a European childhood obesity project coordinated by the European Heart Network was carried out. This research produced a report, Marketing of Unhealthy Food to Children in Europe, which concluded that most of the food shown to children in Europe was regarded as 'unhealthy', with television as the prime medium for such advertising, although in-school and internet marketing were growing [8] .
Reference studies confirm an association between the broadcasting frequency of non-core food advertisement (NCFA) and the prevalence of obesity in childhood; therefore, food advertising may play an important role in this disease [9] . Children aged from 8 to 18 make use of multiple types of media resources (often simultaneously) and spend more time (44.5 h/week) in front of the computer, television (TV), and game screens than in any other activity in their lives, except for sleeping. Furthermore, also researchers have found a strong association between the increase in non-core food advertising and rates of childhood obesity [10] . Most children under 6 years old cannot distinguish between programming and advertising, and children less than 8 years old do not understand the persuasive intention of marketing messages. Publicity, when designed for the children's market, is, by definition, very exploitative. Children have a remarkable ability to recall content from adverts to which they have been exposed. Product preference has been shown to occur with only a single commercial exposure and to strengthen with repeated exposures. Product preferences affect children's requests and consequently influence parents' purchasing decisions [11] .
Neuromarketing and food choices
A variety of sensory stimuli, emotional states and feelings contribute to pleasant sensations, specifically during the post-consumption phase, when nutrients interact with sensors in the gastrointestinal tract, other peripheral organs and the brain itself. The question is, would it be possible for people to feel the same when watching food advertising on TV? [12] .
Several studies emphasize the difficulties involving choice making and the importance of emotional and social factors. There are some remarkable results which indicate an association of pleasure and rewarding experiences [13] with the activation of specific brain areas. These areas were also studied in previous investigations [14] , showing that highly appreciated items trigger stronger activation than the reaction generated by less appreciated products. Other studies indicate that this relationship between stimuli and neural reactions is highly modulated by emotions [15] .
Food advertising to children: the global regulatory environment
Globally successful companies have increased their product sales by using suitable marketing. However, healthy food consumption campaigns by public health organizations do not achieve the same success.
Recent and emerging neuroscience and psychological studies on adolescents suggest a need to review the traditional approach to publicity regulation [16] . It is necessary to work together in order to solve the overweight and obesity epidemic in childhood and to prevent secondary diseases. In the face of rising obesity levels across Europe, in 2011 new European and Spanish public health laws aimed to protect children from the influence of 'unhealthy' food marketing [17] , focusing efforts on reducing excessive weight gain, through the promotion of active and healthy life styles in children, including moderate TV viewing, regular family meal times and frequent exercise to strengthen physical and psychological well being in children and teenagers [7, [18] [19] [20] ; however, few countries have introduced efficient policies to address this [8] .
The aim of this study was to assess longitudinal changes in food advertising since 2007 in Spain, measuring children's current exposure to healthy and unhealthy food advertisements on TV, on thematic channels for children (TC) and generalist channels (GC), and analyse the nature of broadcasting in children's peak time slots. We also aimed to investigate whether the current publicity in Spain for children's audiences is more suitable and optimal than 6 years ago, if so, demonstrating that the Spanish laws are really contributing to a positive effect on food advertising for children, and, as a result on their health.
Material and methods
Study design and methodology
Since the studies on Spanish TV Marketing in 2007 [21] , a total of 256 h have been recorded from the two Spanish channels most watched by children aged 2-12 years (Boing and Disney Channel), and two Spanish channels directed at all ages (Antena 3 and La Sexta), between April and May 2013. Two weekdays and 2 weekend days, from 6:00 to 22:00, were recorded.
The register was taken by a nutritionist who is specialised in marketing. This researcher was previously trained to classify the different types of advertisements according to their quantity of nutrients, subliminal messages, and their recommendations about healthy habits [21] . The software Longo Macth v. 0.16.5 was used to analyse the recordings.
Food advertisements were classified as core (CFA) (nutrient dense, low in energy), NCFA (unbalanced energy profile or high in energy), or other food advertisement (OFA) (supermarkets and special food). It was also analysed whether advertisements were shown in children's peak time slots (7:00-8:59 and 15:30-22:00 on weekdays, and 7:30-10:29 and 15:30-22:00 on weekend days) or children's nonpeak time slots (9:00-15:29 on weekdays and 10:30-15:29 on weekend days) [22] .
Data were registered with a recorder model Ciga HD 2TB. It was programmed to record 4 successive days (2 on weekdays and 2 on weekend days) in the time slot previously detailed.
The broadcast ratio of food advertisements (x) in different time slots was calculated as the quotient of the sum of total frequency of advertisements shown in a specific time slot during the 4 days registered (2 weekdays and 2 weekend days) and the total hours of this time slot. Total time registered in children's peak time slots (y) was 36 h and 24 in children's nonpeak time slots (z).
x =
∑ frequency of food advertisements h y = ∑ frequency of food advertisements 36 z = ∑ frequency of food advertisements 24
Statistical analysis
All statistical analyses were performed with the software IBM SPSS v.20.0, considering results significant at p < 0.05. The statistical analyses were: descriptive analysis to obtain the frequencies and rates of all variables, and bivariate analysis through contingency charts with a χ 2 test, to show the relationship between frequencies, and relative risk; in all tests the significance level was p < 0.05.
Food advertisements (rows) were classified as CFA, NCFA and OFA, and year (columns) was clas- 
Results
In this study, 256 h were recorded from the four Spanish channels the most watched by children. TC (Boing and Disney Channel) had 1.5% and 1.1%, and GC (Antena 3 and La Sexta) had 11.5% and 5.6% of the total audience respectively.
The frequency of food advertisements per hour in a full time slot was 19 advertisements per hour (adv/h) on TC, and 25 adv/h on GC (Table I ). The majority of food advertisements were about NCFA (54.9%). On GC the percentage of NCFA was slightly higher than on TC (GC: 57.3% vs. TC: 52.2%, p < 0.001) ( Figure 1 ).
The most frequently broadcast advertisement on TC was about infant food (excluding infant and toddler milk formulas), 191 times (33%), followed by dairy products, 136 times (23.5%). In contrast, on GC, the most shown adverts were about fast food restaurants, 72 times (10.5%), vitamin and mineral supplements, 71 times (10.4%), and dairy products, 60 times (8.8%) (Table II) . People watching GC in Spain have a higher relative risk of being exposed to fast food adverts than those watching TC (RR > 1) (2.133, 1.398-3.255).
Although the percentage of fast food advertisements was high (4.5% on TC and 10.5% on GC, p < 0.001), all of those which were shown on TC (26 out of 26 advertisements) had healthy messages at the end (through fine print or sublimi-nal messages). On TC, the publicity about healthy habits was the fourth most shown, with a frequency of 51 times (8.8%), while on GC, it was the publicity the least shown, with a frequency of 8 times (1.2%) (p < 0.001) ( Table I) .
Time slot of food advertising on TV
On TC during 2013, a total of 63.03% of food advertisements were shown in children's peak time slots, compared to 36.96% in children's nonpeak time slots. Moreover, on GC, 48.09% of food advertisements were broadcast in children's peak time slots, whereas 51.9% appeared in a different time slot (Table I) .
The broadcast ratio of all food advertisements on TC during 2013 was slightly higher in children's peak time slots versus children's nonpeak time slots (10 vs. 9 advertisements per hour and channel (adv/h/c) respectively). On the other hand, on GC the broadcast ratio was significantly lower in children's peak time slots compared to different time slots (9 vs. 15 adv/h/c respectively) ( Table I) .
CFA were displayed with higher frequency, 47.2%, on TC in comparison with 23.7% shown on GC 2013 and 36% on TC during 2007 (p < 0.001) ( Table II) . The broadcasting of NCFA was 180 NCFA compared to 36 CFA in children's peak time slots (proportion 5/1 adv/h/c) on GC 2007, while on TC during 2013 it was 203/162 (6/5 adv/h/c); these differences are significant (p < 0.05). By contrast, there were no significant differences between TC and GC during 2013, 189/140 (5/4 adv/h/c) (Table I) .
Furthermore, the broadcast ratio of NCFA on TC during 2013 was 6 in children's peak time slots and Table I . Broadcast ratio and frequency of total food advertisements and non-core advertisements (adv/h/c: advertisement/hour/channel) during the child audience peak, in Spain, for the thematic channels ( Core food (nutrient dense, low in energy):
Vegetables and vegetable products without added sugar 0 4 adv/h/c in children's nonpeak time slots, while on GC in 2013 it was 5 and 8 adv/h/c respectively. The broadcasting in children's nonpeak time slots was double on GC versus TC for NCFA, although the difference was not significant (Table I) .
Discussion
We found differences in the broadcast ratio of food advertisements between 2007 and 2013; the broadcasting of food advertising on TV increased from 2007 to 2013 on the TC (6 vs. 10 food adv/h/c, respectively). The broadcasting time in 2013 was similar in 2013 to that in 2007. Nowadays, the broadcasting of NCFA is not better in the children's peak time slots because, although the broadcasting percentage is lower (52.2% vs. 56% in 2007), the ratio of NCFA has increased to +1 adv/ h/c (a frequency from 180 to 203) compared to that reported in the study performed in Spain in 2007. However, despite this broadcasting of NCFA it would be interesting to know the effects of increasing the broadcasting of CFA on childhood obesity, which has not yet been reported.
Comparing GC and TC in 2013, in children's peak time slots there are no differences between the broadcast ratio of CFA and NCFA. However, in children's nonpeak time slots, the total food advertising and the NCFA were higher on GC than on TC; no significant differences were found in the proportion of CFA and NCFA (Table I) .
Regarding time slots of shows, in time slots with a large child audience there are differences in the total number of advertisements shown between 2007 and 2013 (6 vs. 10, adv/h/c, p < 0.05). The situation is similar for time slots with small child audiences; the broadcasting was significantly higher in 2013 than 2013 (6 vs. 9, adv/h/c, p < 0.05).
An important factor to prevent overweight and obesity is to know the effects of the TV programs where food advertisements are shown. Consequently, it would be necessary to control the food publicity shown in children's programmes and to broadcast CFA specially in programmes that are able to attract children's attention; many studies have shown a relationship between cartoons and a major child attention [23, 24] , so this could be a good moment to implement healthy nutrition and healthy habits.
Recent longitudinal studies about Saturday morning publicity show that broadcasting frequency of fast food and simple sugar food advertisements has increased in the last years [25] . In fact, broadcasting of CFA in children's peak time slots could be considered as a healthy factor involved in overweight and obesity prevention [26] . In this respect, our study has demonstrated that watching GC in Spain represents a 2.133 (95% CI: 1.398-3.255) times relative risk of being exposed to fast food advertisements than watching TC.
The American Academy of Pediatrics recommends that children under 2 years old should not watch any TV and that those older than 2 should watch no more than 1 to 2 h a day of quality programming [27] . Our study shows that children are now exposed to a total of 10 food advertisements per hour, at least 6 of which are of NCFA. In contrast, in 2007 the outcome seemed better, as children were exposed to a total of 6 food advertisements per hour, at least 5 of which were of NCFA. This is an important aspect in view of the fact that now the situation should be better, considering that poor nutrition habits, lack of regular physical activity and unmonitored TV viewing are associated with obesity in children and youth [1] . So, if Spanish children watch TV for 2 h per day, they will be exposed to 20 food advertisements per day, 12 of which will be of NCFA.
Article 46 of the Spanish law 17/2011, of 5 th July, about food security and nutrition, deals with food publicity for people who are younger than 15 years old. It stipulates the negotiation between the competent authorities and the marketing companies to keep the regulation accords on the establishment of good habits and the control of good practices of beverage and food publicity to prevent childhood obesity and other related illnesses in the population. Considering the strong relationship between food advertising and child consumption choices, marketing is an important aspect to prevent obesity during childhood. It is important that the government reviews the laws to control food publicity and lifestyles by decreasing non-core food TV marketing and increasing core food advertising [24] . Therefore, it is clear that the Spanish situation is not ideal, and the reason could be in the application of the approved laws by the government, which seems not to be as strict as necessary to be efficient. However, other authors state that these assumptions have not been conclusively demonstrated and that more research is needed to understand the processes which may differentially affect minority responses to marketing communications [28] . Furthermore, the effectiveness of these measures could probably be enhanced if educational programs are implemented simultaneously to these regulatory guidelines, directed not only at children, but also at families and at the whole community. These programs have been shown to be also very successful when they have been applied to the population [29] . Little attention has been given to how the engineering and marketing of food may interact with possible risk factors to generate brain responses like those to traditional drugs of abuse. If hyperpalatable foods have a fraction of the effects of addictive drugs, the public health significance could be substantial because of the widespread access and exposure to highly marketed, low-cost, nutrient-poor, and calorie-dense products [30] . If the biological effects approach those of addictive drugs, far-reaching policies may be necessary. Given the public health impact, attention should be given to the properties of foods and industry's responsibility in creating them [31] . The WHO emphasizes that marketing of foods and non-alcoholic beverages with a high content of fat, sugar or salt reaches children throughout the world. Efforts must be made to ensure that children everywhere are protected against the impact of such marketing and given the opportunity to grow and develop in a food environment that fosters and encourages healthy dietary choices and promotes the maintenance of healthy weight [32] . In this sense, we consider that healthy neuromarketing could help to transmit in a better way the healthy products, showing them in a more attractive way for children, favouring better food choices, increasing healthy food sales and creating new market opportunities in this area. Taking into account recent research in this area, neuromarketing will help to avoid NCFA and misleading publicity.
Lately, research into the understanding of healthy and unhealthy food choices has been developed by studying the influence of publicity and society in consumers' decisions. Neuroimaging has recently being used in this investigation, but it is still not popular in publications about marketing. This method could be useful to study predictability in people's choices. According to some authors, predictability could have a relationship with the number of times that an item has been previously used and the period of time between publicity exposure and personal choices. Depending on the predictability of choices, different brain regions are stimulated. Unpredictable decisions stimulate brain regions related to silent vocalisation and reward circuitry. Moreover, sex-related differences have been demonstrated [33] .
Techniques based on video recording capture an image of the eye from a camera either mounted on head gear worn by the user or mounted remotely. The recent miniaturization of video equipment has greatly minimized the intrusiveness of head-mounted video-based eye trackers [34] . Furthermore, remotely located video-based eye-tracking systems can be completely unobtrusive, although at some cost to the robustness and quality of the eye tracking [35, 36] .
The prevention programs to control advertising should be geared to make use of the new technologies available such as phones, applications for smart phones, videogames, social networks and other options that easily catch the attention of children.
One limitation of this study is not having registered the advertisements' duration. This aspect is very important because many authors remark that advertisement duration is an important factor in child food choices. We could have also evaluated the type of programme where advertisements were broadcasted. These aspects will be analysed in a future study.
Further research is needed on the effects of public policy in the protection of young people against the unhealthy influence of food marketing, especially considering that very little research has directly examined the psychological processes required for defence against newer and less direct forms of marketing [37] . It would be interesting to assess the effects of different social clues for healthy/unhealthy food choices among obese and healthy consumers at the neurophysiologic level. This could shed light on the association of neural circuits of food choices and "real" food choices and hence eating behaviour.
In conclusion, broadcasting frequency of all food advertisements has increased compared to 2007 on TC. It is a consequence of a significant increase in the broadcasting of CFA and NCFA.
Broadcasting of unhealthy food TV advertising is lower today than 6 years ago on TC. However, children's exposure to unhealthy food advertising is worrying in Spain, even more when there is still more exposure to unhealthy than healthy food TV commercials. Broadcasting frequency of non-core publicity on TC was significantly higher in children's peak time slots, while on GC it was significantly lower at the same time slot, despite the new Spanish laws of 2010. Broadcasting frequency of CFA on GC is significantly lower than on TC.
Therefore, at the moment, there is evidence that Spanish laws on food advertising control are still insufficient to avoid unhealthy food publicity on TV and, consequently, to facilitate early prevention of obesity.
